A thiophene, two furans, a dihydro furan, and two acetylenic benzene derivatives were isolated from the roots of Eupatorium heterophyllum collected in China. Structures were established on the basis of spectroscopic analyses as well as chemical transformations.
Eupatorium species belong to Compositae and grow all over the world, especially in the East Asia [1] . These species have been extensively studied by many scientists, for example, Herout [2] , Sŏrm [3] , Kupchan [4] , Herz [5] , and Bohlmann [6] et al. Sesquiterpenoids of germacrane-, guaiane-, eudesmane-, and other-types were reported. Some of them show biological activities [4] . We have been investigating the chemical constituents of Eupatorium species grown in Japan and found the diversity due to the location of their collection sites [7] . Later, we had a chance to collect E. heterophyllum in Yunnan, China and studied the chemical constituents of their roots. We now report the details of these results.
Each of the methanol extract of the roots of five samples collected in different places (Table 1) were separated by silica gel column chromatography followed by HPLC to afford new compounds 1-6, as well as known compounds 10-18 [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Compound 1 exhibited a quasi molecular ion peak at m/z 365 [M+Na] + in the FABMS spectrum and its molecular formula was determined to be C 15 H 18 O 7 S by HRFABMS. The 1 H NMR spectrum showed the presence of two methyl groups, an aromatic proton, and four oxymethine as well as oxymethylene protons. A proton resonating at δ 5.01 (1H, d, J = 7.4 Hz) was inferred to be an anomeric proton. The 13 C NMR spectrum indicated the presence of two methyl, a methylene, six methine, and six quaternary carbons, which appeared in the lower field than 70 ppm. Therefore, this compound seems to be a thiophene glycoside. Because the degree of unsaturation was seven, two carbon signals at δ 96.0 and 73.7 were assumed to be assigned as sp carbons. Therefore, this compound was hydrogenated in methanol in the presence of 10% Pd-C at rt to afford 7 (Scheme 1). Compound 7 showed a quasi-molecular ion peak at m/z 369 [M+Na] + in the FABMS spectrum, the increase of 4 amu indicating the presence of a triple bond. There was no double bond except for the thiophene unit in compound 1. Therefore, the HMBC correlations of 4 J and 5 J through the triple bond in compound 1 were explained as shown in Figure 2 . The substituted pattern for the thiophene ring was indicated and the glucose moiety was attached to the C-3 position as shown in Figure 2 . The β-glucoside moiety was revealed by the COSY and NOESY spectrum of tetraacetate 8, prepared by acetylation of compound 7 ( Figure 3 ). Then, compound 7 was treated with β-glucosidase to afford aglycone 9 and glucose. Glucose thus obtained was analyzed by HPLC with the specific rotation detector to show the positive specific rotation. Therefore, this was shown as D-glucose and the whole structure of compound 1 was established as 2-acetyl-5-(prop-1-ynyl)-thiophene-3-ol β-D-glucoside. Although the aglycone of this compound, 10, is known [8], its glucoside has been found for the first time. Compound 2 exhibited a quasi-molecular ion peak at m/z 217 and its molecular formula was determined to be C 13 H 12 O 3 by HRCIMS spectrum. The 1 H NMR spectrum showed the presence of an acetyl group (δ H 2.80, δ C 203.3), which is shifted downfield, a methyl group at δ 2.17, three aromatic protons, as well as an exomethylene group. The 13 C NMR spectrum indicated two methyl, one methylene, three methine, and seven quaternary carbons. The degree of unsaturation was eight. Figure 4 shows the 2D correlations detected for compound 2. The acetyl group was substituted at the C-4 position and the hydroxy group at the C-5 position, respectively. The substitution pattern was different from that of euparin 11 [9] , which was the most abundant substance in the root of this species. This arrangement was also supported by the NOESY spectrum ( Figure 4) . A quasi-molecular ion peak of compound 3 appeared at m/z 265 and the molecular formula was determined to be C 14 H 16 O 5 by the HRCIMS spectrum. The 1 H NMR spectrum showed the presence of an acetyl (δ 2.70), a methoxyl (δ 3.23), a methyl (δ 1.63), and three aromatic protons, all of which appeared as singlets. The 1 H NMR spectrum is very similar to that of known compound 14 [12] , and one of the three hydroxy groups was deduced to be methylated. Because the hydrogen-bonded hydroxy proton was detected at δ 12.45 (s), the phenolic hydroxy group should be at the 6-position and not methylated. The methylene signals appeared as two sets of double doublets at δ 3.74 (dd, J = 11.4, 7.8 Hz) and 3.92 (dd, J = 11.4, 5.5 Hz). The smaller couplings must be due to the hydroxy proton detected at δ 2.03 (dd, J = 7.8, 5.5 Hz), confirmed by the COSY correlations. Therefore, the methoxyl group is at the C-1' position and the structure was established as depicted in Figure 1 .
The molecular formula of compound 4 was determined to be C 19 H 22 O 5 by the HRCIMS spectrum. The 1 H NMR spectrum indicated the presence of an angelate [17] , an exomethylene, a methoxyl, and an acetyl group. Bohlmann reported the isolation of the similar compound [18] , the NMR of which was very similar to that of 4. They recorded that the coupling constant for J 2,3 was 6 Hz [19] , but there was no stereochemical assignment. Soon later they isolated another disubstituted dihydrobenzofuran compounds with both stereochemistry [19] and assigned cis for J = 6 Hz and trans for J = 2 Hz based on the report by Zalkow [20] and Mertes et al [21] . Our compound had the coupling constant J 2,3 = 2.5 Hz. Therefore, our compound had the trans stereochemistry, while that reported by Bohlmann was cis [22].
Compound 5 exhibited a quasi-molecular ion peak at m/z 231 and its molecular formula was determined to be C 14 H 14 O 3 by HRCIMS spectrum. The IR spectrum showed the presence of a hydroxy and a carbonyl group as well as an acetylenic moiety. The 1 H NMR spectrum indicated the presence of a methoxyl, an acetyl, a methyl, and two aromatic protons. The 13 C NMR spectrum showed three methyl, a methylene, two methine, and eight quaternary carbons. The HMBC spectrum of compound 5 indicates the substitution pattern for the phenyl group as shown in Figure 5 . Thus, the acetyl group is substituted at the C-1 position, and the methoxyl and 3-methylbut-3-en-1-ynyl group are at the both sides of the hydroxy group at C-4. This assumption was further supported by the NOE between the methoxyl group and H-2. Finally, the NMR spectra of compound 6 were quite similar to those of compound 5, except that there are two methoxyl signals in this compound. The IR spectrum indicated the presence of a carbonyl group, but signals due to a hydroxy group was not detected. Therefore, this compound was determined to be a methoxylated compound of 5. It is very interesting to note that compounds isolated in this study are biosynthetically mutually correlated ( Figure 6 ). For example, compound 4 may be derived from compound 5 by cyclization and esterification. Synthetic work along this line has been reported [23] . Compound 3 presumably arose from euparin 11 [9] by oxidation to 13 [11] or 14 [12] followed by methylation. The glucoside of thiophene 10 [8] was isolated for the first time. The absolute configurations were not clear due to the minute amount except for compound 1. Compounds 1, 5, euparin (11), and compound 17 are ubiquitous in E. heterophyllum investigated in this work. As indicated in Table 1 , the diversity in chemical constituents of this species collected in these districts is quite small. The presence of germacrane-type sesquiterpenoids in the terrestrial part of the plant was reported in the previous studies [7], while no sesquiterpenoid was found in roots in the present work.
Experimental
General procedures: The IR spectra were measured with a SHIMADZU FT/IR-8400S spectrophotometer. The 1 H, 13 1), 2, 3, 12, 13, 14  17 (2.7), 4, 15, 16  1 (1.3 
Hydrogenation of compound 1:
A solution of 1 (3.5 mg) in methanol (1 mL) was treated with hydrogen in the presence of Pd-C (10%) at rt for 1.5 h. The mixture was filtered and the filtrate was evaporated to give 7 (3.7 mg). 1 
Acetylation of 7:
To a stirred solution of 7 (3.7 mg) in pyridine (0.5 mL) was added acetic anhydride (50 μL). The mixture was stirred overnight at rt. Methanol was added and the mixture was concentrated in vacuo to give 8 (4.7 mg). 1 
